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electrostatically 



irradiating said 



1. A thermally activated, chemically based marking 
method comprising steps oE: 

applying a layer of an energy 
absorbing marking material to a conductive or 
dielectric sujbstrate to be marked; and 

ayer with a radiant energy beam 
having a wavelength selected to excite said 
energy absorbing material in accordance with the 
form of a marking to be applied, thereby forming 
a marking layer atop said substrate. 

Laim 1, further comprising a step of 
flow across said substrate during 



2 . The method of c 
providing a laminar air 
the irradiating step. 

3 . The method of c 



laim 1, wherein said marking 
material comprises at ljfeast one metal compound. 

4. The method of /claim 3, wherein said metal compound 
is an oxide. 

5. The method of/ claim 4, wherein said compound is a 
mixed metal oxide. 



6 . The method o 
sulfide . 

7 . The method o 
sulfate . 



claim 3, wherein said compound is a 



claim 3, wherein said compound is a 
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8. The methpd of claim 3, wherein said compound is a 
carbonate . 

9. The method of claim 1, wherein said marking 
material comprises Kaolin clay, 

10. The method of claim 1, wherein said marking 
material comprises an energy absorbing enhancer. 

11. The metihod of claim 1, wherein said marking 



material compri 
12 . The me. 



ses at least one colorant, 
hod of claim 10 wherein said energy 
absorbing enhancer comprises carbon black. 

13. The method of claim 1, wherein said substrate 
comprises materials selected from the group consisting of 
metals, glasses, ceramics and plastics. 

14. The method of claim 13, wherein said substrate 
comprises at /least one metal. 

15. The /method of claim 13, wherein said substrate 
comprises an least one glass. 

16. The method of claim 1, wherein said marking 
material comprises at least one glass frit material. 

17. The method of claim 16, wherein said glass frit 
material comprises at least one oxide selected from oxides 
of alkali metals, alkaline earth metals, silicon, boron and 
transition/metals . 
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18. The metnod of claim 1, wherein said marking 
material comprises at least one glass frit material and at 
least one metal compound. 

19". The method of claim 11, wherein said marking 
material comprises at least one organic pigment. 

-19. The methcd of claim 1, wherein said marking 
material is applieid by direct electrostatic coating of a 
conductive substre.te . 

20. The method of claim 1, wherein said marking 
material is applied by direct electrostatic coating of a 
dielectric substrate, after said substrate has been coated 
with a layer of conductive material. 

i of claim 1, wherein said marking 
material is applied as dry particles. 

?2. The methoi of claim 1, wherein said marking 
material is applied as liquid droplets, 

23. The methojd of claim 1, wherein said marking 

ostatically applied in the form of a 
ied to said substrate . 
2tt . The methdd of claim 1 wherein said radiant energy 
beam is produced Ipy a laser, diode laser or diode-pumped 
laser . 

25. A substrdte as marked by the method of claim 1. 
^26. A thermaMy activated, chemically based marking 
method comprising/ steps of: 



21 



The met ho 



material is electr 
marking to be app!. 
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A 

1 electrostatically applying a layer of mixed metal 

2 oxide material containing an energy absorbing 

3 enhancer to a metal substrate; and 

4 irradiating said layer with a radiant energy beam 

5 havind a wavelength selected to excite the metal 

6 oxide material and/or said energy absorbing 

7 enhancer in accordance with the form of a 

8 marking to be applied, thereby forming a marking 

9 layer atop the substrate. 

10 27. The method of claim 26 further comprising the step 

11 of providing a laminar air flow across the substrate during 

12 the irradiating spep. 

13 28. The method of claim 26, wherein the mixed metal 

14 oxide material comprises at least one colorant, and the 

15 energy absorbing enhancer comprises carbon black. 

16 29. The method of claim 26, wherein the radiant energy 

17 beam comprises a laser beam having an energy level ranging 

18 between 1 and 30 watts, a spot size ranging between 5 and 

19 2 00 microns, and a marking speed along the substrate ranging 

20 between 2 5 and Iff) 00mm/ sec. 

21 30. The method of claim 26, wherein the layer of mixed 

22 metal oxide material has a thickness ranging between 5 and 

23 500 microns. 

24 31. The method of claim 26 wherein said irradiating 

25 step is started [at a room temperature of about 70° F. 
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32. A metal substrate as marked by the process 
according to claim 26. 

\ ^ 3 3 . A thermally activated chemically based marking 
method comprising steps of: 

electrostatically applying a layer of mixed metal 
oxipe material containing an energy absorbing 
enhancer to a substrate selected from the group 



con 
nic 



isisting of aluminum, brass, chrome, copper, 
reel, steel, stainless steel, tin, glass, 
ceramics, porcelain, and plastics; and 
irradiating said layer with a radiant energy beam 
having a wavelength selected to excite the 
energy absorbing enhancer in accordance with the 
form of a marking to be applied, thereby forming 
a marking layer atop the substrate. 

34. The iqethod of claim 33 further comprising the step 
laminar air flow across the substrate during 

the irradiating step.. 

35. The ipethod of claim 33, wherein said mixed oxide 
Dplied as dry particles. 

36. The Snethod of claim 33, wherein said mixed oxide 
material is applied as liquid droplets. 

37. The method of claim 33, wherein the energy 
absorbing enhancer comprises carbon black. 



of providing a 



material is 
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38. The met/hod of claim 33, wherein the radiant energy 
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beam comprises 
between 1 and 3 
2 00 microns, an 
between 25 and 



a laser beam having an energy level ranging 
0 watts, a spot size ranging between 5 and 
a marking speed along the substrate ranging 



39 . The met 
metal oxide mate 
5 00 microns. 

. 40 . The met 
step is started 

41 . The met 
oxide material c 



42. A subst::ate material as laser marked by the process 



according to cl 



mar 



OOOmm/sec . 

lod of claim 33, wherein the layer of mixed 
rial has a thickness ranging between 5 and 

lod of claim 33 wherein said irradiating 
at a room temperature of about 70° F. 
lod of claim 33, wherein the mixed metal 
Dmprises a colorant. 
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\43. A thermally activated, chemically based marking 
method comprising steps of: 

electrostatically applying a layer of mixed metal 
oxide material containing an energy absorbing 
enhancer to a substrate to be marked in the form 
of a marking to be applied; and 
irradiating said layer with a radiant energy beam 
havi:ig a wavelength selected to excite the 
eneroy absorbing enhancer, thereby forming a 
ing layer atop the substrate. 
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44. The met 



hod of claim 43, further comprising the step 



the irradiating 



of providing a laminar air flow across the substrate during 



step . 



45. The method of claim 43, wherein said mixed metal 



oxide material i 

46. The met 
oxide material i 

47 . The met 



48 . The met! 
beam comprises cl 
between 1 and 30 



3 applied as dry particles, 
lod of claim 43, wherein said mixed metal 
s applied as liquid droplets, 
hod of claim 43, wherein the energy 



absorbing enhancer comprises carbon black. 



hod of claim 43, wherein the radiant energy 
laser beam having an energy level ranging 
watts and a marking speed along the 
substrate rangirlg between 25 and lOOOmm/sec 

49. The method of claim 43, wherein the layer of metal 
oxide material ijias a thickness ranging between 5 and 500 
microns . 

50. The method of claim 43, wherein the irradiating 
at a room temperature of about 7 0° F. 

ithod of claim 43, wherein the mixed metal 
comprises a colorant 



step is started 
5 1 . The me 
oxide material 



52. A substrate material as marked by the process 
according to claim 43 

53. A thernally activated chemically based marking 
method comprising steps of; 
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54. 
method 



electrostatially applying a layer having a metal 
oxice component and comprising an energy 
absorbing enhancing component to a metal 
substrate; and 
irradiating said layer with a radiant energy beam 
having a wavelength selected to excite the 
energy absorbing enhancing component, thereby 
forming an adhered marking layer atop the 
substrate . 

A thermally activated, chemically based marking 
comprising steps of: 

electrostatically applying a layer having a mixed 
metal oxide component and an energy absorbing 
enhancing component to a substrate selected from 



\ . 55. 
method 



toe group consisting of aluminum, brass, chrome, 
copper, nickel, steel, tin, glass, ceramics, and 
plastics; and 
irradiating said layer with a radiant energy beam 
having a wavelength selected to excite the 
energy absorbing enhancing component, thereby 
forming an adhered marking layer atop the 
substrate . 

A thermally activated chemically based marking 
comprising steps of: 
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^56. A th 
method compr 



electrostatically applying a material containing at 
least one metal oxide comprising an energy 
absorbing enhancing component to a substrate to 
be marked in the form of a marking to be 
applied; and 

irradiating said layer with a radiant energy beam 
ha/ing a wavelength selected to excite the 
energy absorbing enhancing component, thereby 
fcrming a marking layer atop the substrate, 
srmally activated chemically based marking 
sing steps of: 
electrostatically applying a layer of a marking 

material comprising at least one metal compound 
to a markable substrate comprising at least one 
rtaterial selected from the group consisting of 
netals, glasses, ceramics and plastics; and 
irradiating said layer with a radiant energy beam 
having a wavelength selected to be absorbed by 
said marking material, thereby forming a bonded 
marking layer atop the substrate. 

57. Thfe method of claim 56, wherein said metal compound 
comprises 4 metal oxide. 

58. Tile method of claim 57, wherein said metal compound 
is a mixed/ metal oxide. 



55 




1 59. The method of claim 56, wherein said metal compound 

2 is a sulfide. 

3 60. The method of claim 56, wherein said metal compound 

4 is a sulfate. 

5 61. The mejthod of claim 56, wherein said metal compound 

6 is a carbonate. 

7 62. The method of claim 56, wherein said marking 

8 material further comprises at least one energy absorbing 

9 enhancing component . 

10 63. The method of claim 56, wherein said marking 

11 material comprises at least one colorant or pigment. 

12 64. The method of claim 63, wherein said marking 

13 material comprises at least one organic pigment. 

t 1 

14 r 65. A thermally activated chemically based marking 

15 method comprising! the steps of: 

16 electrostatically applying a layer of glass frit 

17 material containing an energy absorbing enhancer 

18 to a glass substrate; and 

19 irradiating! said layer with a radiant energy beam 
2 0 having |a wavelength selected to excite the 

21 energy [absorbing enhancer in accordance with the 

22 form of a marking to be applied, thereby forming 

23 a bonded and permanent marking layer atop the 

24 substrate which is visible in contrast with the 
2 5 substrate; and 
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material is applied a 



wherein the lAyer of glass frit material has a 

thickness ranging between 5 and 500 microns. 

66. The method of claim 65, further comprising the step 
of providing a laminar air flow across the substrate during 
the irradiating step. 

67. The method o|f claim 65, wherein said glass frit 

dry particles. 

68. The method o4 claim 65, wherein said glass frit 
material is applied as liquid droplets. 

69. The method ofl claim 65, wherein the glass frit 
material further comprises a borosilicate glass and the 
energy absorbing enhancer comprises carbon black. 

70. The method of claim 65, wherein the radiant energy 
beam comprises a laser! beam having an energy level ranging 
between 1 and 30 watts J a spot size ranging between 5 and 

2 00 microns, and a marking speed along the substrate ranging 
between 25 and lOOOmm/aec. 

71. The method of claim 65, wherein said irradiating 
step is started at a ropm temperature of about 70° F. 

72. The method of alaim 65, wherein the glass frit 
material further comprises a colorant. 

73. The method of alaim 72, wherein said colorant 
comprises at least one organic pigment. 

74. A glass materia^ as marked by the process according 
; to claim 65 
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75. A thermafLly activated chemically based marking 
method comprising! the steps of; 

electrostatically applying a layer of glass frit 

material containing an energy absorbing enhancer 
to a metal substrate; and 

irradiating! said layer with a radiant energy beam 
having p wavelength selected to excite the 
energy absorbing enhancer in accordance with the 
form of la marking to be applied, thereby forming 
a bonded and permanent marking layer atop the 
substrane which is visible in contrast with the 
substrate ; and 

wherein the layer of glass frit material has a 

thickness ranging between 5 and 500 microns. 

76. The method I of claim 75 further comprising the step 
of providing a lamiiiar air flow across the substrate during 
the irradiating ste] 



' 7 \ 



The method 



absorbing enhancer 

78. The method 
beam comprises a la 
30 watts, a spot si 
a marking speed alo 
lOOOmm/sec . 



of claim 75, wherein the glass frit 



material comprises a borosilicate glass, and the energy 



comprises carbon black. 

of claim 75, wherein the radiant energy 
ser having an energy level between 1 and 
:e ranging between 5 and 2 00 microns, and 

g the substrate ranging between 2 5 and 
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/7 

The method of claim 75 wherein said irradiating 



step is started at a room temperature of about 70° F. 

80. The method of claim 75, wherein said glass frit 
material is appliled as dry particles. 

81. The method of claim 75, wherein said glass frit 
material is applied as liquid droplets. 

82. The methcp of claim 75, wherein the glass frit 

8 material further domprises a colorant. 

9 83. A metal substrate as marked by the process 
according to claiirJ 75. 

^/84. A thermally activated chemically based marking 
12 method comprising the steps of: 



electrostatically applying a layer of glass frit 

materiail containing an energy absorbing enhancer 
to a substrate selected from the group 
consistfing of glass, ceramic, porcelain, 
aluminum, brass, steel, stainless steel and tin; 
and 

irradiating said layer with a beam having a 
wavelength selected to excite the energy 
absorbing enhancer in accordance with the form 
of a majrking to be applied, thereby forming a 
bonded and permanent marking layer atop the 
substrate which is visible in contrast with the 



substra 



:e . 
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85. A thermally activated, chemically based marking 



method comprising 
electrosta 



the steps of : 

ically applying a layer of marking 
material comprising at least one of a mixed 
organic! pigment material and an energy absorbing 
enhancer to a plastic substrate; and 
irradiating said layer with a radiant energy beam 
having a\ wavelength selected to excite the 
energy absorbing enhancer in accordance with the 
form of a| marking to be applied, thereby forming 
a bonded and permanent marking layer atop the 
substrate which is visible in contrast with the 
substrate 

86. The method olf claim 85, further comprising the step 



15 of providing a laminajr air flow across the substrate during 

16 the irradiating step.) 

17 87. The method of claim 85, wherein said organic 

18 pigment material comprises carbon black. 

19 88. The method off claim 85, wherein the energy 

20 absorbing enhancer comprises carbon black. 

21 89. The method ofl claim 85, wherein the radiant energy 

22 beam comprises a laseil beam having an energy level ranging 

23 between 1 and 30 watts], a spot size ranging between 5 and 
2 00 microns, and a marking speed along the substrate ranging 



24 



2 5 between 25 and 1000mm/ 



sec . 
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90. The method of claim 85, wherein the layer of mixed 
organic pigment material has a thickness ranging between 5 
and 500 microns. 

91. The method of claim 85 wherein said irradiating 



step is started a 



92 



pigment material 



a room temperature of about 7 0 F, 



The method of claim 85, wherein said organic 



is applied as dry particles. 



93. The method of claim 85, wherein said organic 



pigment material 
94 . A plast 



is applied as liquid droplets, 
ic substrate material as marked by the 
process according to claim 85. 

95. A thermally activated chemically based marking 
method comprising the steps of: 

electrostatically applying a layer of glass frit 
material optionally containing an energy 
absorbing enhancer to a substrate to be marked 
in the form of a marking to be applied; and 
irradiating said layer with a radiant energy beam 

hav:.ng a wavelength selected to excite the glass 
frit, material and/or said energy absorbing 
enhcLncer, thereby forming a bonded and permanent 
marking layer atop the substrate which is 
visible in contrast with the substrate. 
9,6. A thermally activated chemically based marking 
method comprising the steps of: 
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electrostatically applying a layer of mixed metal 
oxifcle material containing an energy absorbing 
enhancer to a substrate to be marked in the form 



of 



a marking to be applied; and 



irradiating said layer with a radiant energy beam 
hav|ing a wavelength selected to excite the 
endrgy absorbing enhancer, thereby forming a 
bonded and permanent marking layer atop the 
substrate which is visible in contrast with the 
suostrate . 

'97. A thermally activated chemically based marking 
ing the steps of: 

statically applying a layer of mixed organic 
gment material containing an energy absorbing 



method compris 
electr d 



98. The 
of providing 



enhancer to a substrate to be marked in the form 
:: a marking to be applied; and 
irradijating said layer with a radiant energy beam 
hkving a wavelength selected to excite the 
energy absorbing enhancer, thereby forming a 
bonded and permanent marking layer atop the 
substrate which is visible in contrast with the 
substrate . 

method of claim 97, further comprising the step 
a laminar air flow across the substrate during 



the irradiating step 
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99 . The method 



beam further compri 



of claim 97, wherein the radiant energy 



100. The method 
step is started at d 

101. The method 



i;es a laser beam having an energy level 
ranging between 1 a: id 30 watts and a marking speed along the 
substrate ranging between 25 and lOOOmm/sec. 

of claim 97, wherein said irradiating 

room temperature of about 7 0° F. 
>f claim 97, wherein said organic 
applied as dry particles. 
)f claim 97, wherein said organic 
applied as liquid droplets 
of claim 97, wherein the layer of mixed 

12 organic pigment mat4rial has a thicknes ranging between 5 

13 and 500 microns. 

as marked by the process according to 



8 pigment material is 



102 . The method 



10 pigment material is 



103 . The method 



14 104. A substrate 

15 claim ^97 

16 l(p. A thermally 

17 method comprising s 
18 



activated, chemically based marking 
eps of : 

electrostatically applying a layer of a marking 

material comprising a Kaolin clay to a substrate 
to be marked; and 
irradiating said layer with a radiant energy beam 

having a| wavelength selected to excite at least 
said KaolLin clay in accordance with the form of 
a marking to be applied, thereby forming a 
marking flayer atop said substrate. 
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106. The method of claim 105, wherein said marking 
material further comprises an energy absorbing enhancer. 

107. VThe method of claim 105, wherein said marking 
material n.s applied as dry particles. 

108. Tltie method of claim 105, wherein said marking 
material is applied as liquid droplets. 
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